In Physarum polycephalum, histone mRNA begins to accumulate 3 h before the S phase. We show that histone synthesis was limited to the S phase and that the mRNA that accumulated in the G2-phase cytoplasm could be translated in vitro. Thus, recruitment of stored mature histone mRNA did not occur until the S phase began.
In Physarum polycephalum, histone mRNA begins to accumulate 3 h before the S phase. We show that histone synthesis was limited to the S phase and that the mRNA that accumulated in the G2-phase cytoplasm could be translated in vitro. Thus, recruitment of stored mature histone mRNA did not occur until the S phase began.
Histone gene expression has proven to be cell cycle regulated in virtually every eucaryote studied. Namely, synthesis of the core histones is limited to the S phase in organisms ranging from yeasts to humans. Generally, an increase in the level of histone mRNA parallels the peak of histone protein synthesis, although many species store pools of inactive maternal messenger in the oocyte nucleus for recruitment later during embryogenesis (for a review, see reference 7). Here, we report a unique exception to this rule.
These experiments with mitotically synchronous plasmodia of the primitive myxomycete Physarum polycephalum show that histone mRNA is regularly stored during the G2 phase of its mitotic cycle. Since the P.
polycephalum cell cycle has no Gi phase, its S phase begins at the end of mitosis. We have reported that both transcription of the histone genes and accumulation of histone mRNA begin with an event in early to mid-G2 phase, about 3 h before the S phase begins (1) . The maximum accumulation of histone mRNA occurs at the end of the G2 phase, in the absence of significant DNA synthesis. While histone gene expression is clearly cell cycle regulated in P. polycephalum, mRNA accumulation is not dependent on DNA replication (1) . Transcription of these genes is directly regulated by a cell cycle control mechanism rather than occurring as an indirect response to increased demand for the histone proteins during the S phase (1) .
This note addresses the storage and activity of the G2-phase histone mRNA. The G2-phase accumulation of histone mRNA serves a useful purpose; it provides a dowry of mRNA to meet the maximum demand for new histone proteins that occurs at the beginning of the S phase. While preliminary studies of histone protein synthesis in P. polycephalum show that histone synthesis peaks in the S phase, the investigators failed to study histone synthesis in the last hour of the G2 phase (9) . This left open the possibility that a dowry of histone proteins might accumulate before the S phase begins. The data presented below show that this did not occur; histone synthesis was limited to the S phase. Wilhelm et al. (10) reported an apparent shortening of histone H4 mRNA at the beginning of the S phase. Since this might reflect a change in the primary structure of the mRNA needed for its efficient translation, we compared the translatability of G2-phase and S-phase mRNAs in wheat germ extracts. Our data indicate that the efficiencies of translation were comparable. In addition, we show that the * Corresponding author.
histone mRNA was stored in the G2-phase cytoplasm rather than in the nucleus. Therefore, we infer that during the G2 phase, mature histone mRNA is stored in the cytoplasm as a translationally inactive ribonucleoprotein complex.
Histone synthesis in vivo. Histone synthesis was determined by analyzing total plasmodial protein to avoid losses during cell fractionation. Synchronous plasmodia of strain M3CV were grown as previously described (3). Small explants were pulse-labeled with [35S]methionine for 30 min at various times relative to the second mitosis after plating and harvested in sodium dodecyl sulfate sample buffer. The proteins were resolved by electrophoresis on 22% polyacrylamide gels as described by Maurer and Allen (6), and labeled bands were detected by autoradiography. Since Hi and H2A histones lack any methionine residues (5), only histones H2B, H3, and H4 are labeled. Of these, H2B and H3 comigrate as a single band (5) . Thus, only the two histone bands indicated in Fig. 1 were expected. Histone labeling was significant only during the S phase (at 20 and 50 min after the metaphase). The bands were absent in all premitotic and post-S-phase samples. These and nonperiodic control bands were quantified by scanning-laser densitometry. Relative to controls, the intensity of both histone bands increased by at least 15-fold from 25 min before to 20 min after the metaphase. Therefore, histone synthesis must essentially be limited to the S phase of the mitotic cycle. No cytoplasmic pool of stored histone protein accumulated at any time in the mitotic cycle.
Histone synthesis in vitro. To determine whether the histone mRNA stored in the late G2 phase is competent to be translated, we isolated plasmodial RNA both before and after entry into the S phase as described elsewhere (1) . Samples (15 ,ug) were translated in wheat germ extracts by using protocols provided by the manufacturer (Amersham Corp., Arlington Heights, Ill.), and the labeled proteins were resolved as described above. The results of a representative experiment are shown in Fig. 2 . In this case, levels of histone synthesis were similar in the pre-S-and S-phase samples. As expected, histone labeling was absent in the sample taken post-S-phase, when histone mRNA was absent. There was virtually no label detected in mRNA-free control lanes (data not shown). Comparable results were obtained with rabbit reticulocyte lysates, but we were unable to resolve histone H4 because of the high levels of unlabeled globin present in the extracts (data not shown). Therefore, it appears that while the histone mRNA that accumulates in the late G2 HISTONE H4 ACTIN  FIG. 3 . Histone H4 mRNA is not stored in the nucleus. At the times indicated, plasmodia were harvested for RNA isolation. Nuclear RNA was prepared from three-fourths of each plasmodium, while the remainder was used to prepare total plasmodial RNA.
Samples (15 jj.g) were fractionated on formaldehyde denaturing gels, and the actin and histone H4 sequences were detected by Northern blot analysis. Our methods and probes are as described elsewhere (1) . Actin mRNA served as a non-cell-cycle-regulated control.
phase is competent to be translated, its translation is somehow prevented until the S phase begins.
Cytoplasmic storage of histone H4 mRNA. The storage of inactive histone mRNA in oocyte nuclei presented an attractive hypothesis to explain messenger storage in P. polycephalum. To determine whether histone H4 mRNA is stored in the nucleus or cytoplasm, nuclear and whole-cell RNAs were isolated, and the proportion of histone H4 mRNA in each was examined by Northern blot analysis as described elsewhere (1) . Neither histone H4 nor actin sequences could be detected in 15-,ug samples of nuclear RNA (Fig. 3) , although they were abundant in similar samples of total plasmodial RNA. From this we infer that the histone mRNA is stored in the cytoplasm.
Cell cycle control of translation. In a recent review, we proposed three major transition points involved in regulating periodic histone gene expression within the P. polycephalum cell cycle (4) . The first occurs in the early G2 phase, when plasmodia begin transcribing the histone genes. The second is at the interface between mitosis and the S phase, when histone gene transcription is coupled to DNA replication and translation of the stored histone mRNA commences. The end of the S phase marks the final transition, when histone gene transcription is turned off.
The data summarized in Table 1 document the cell cycle regulation of histone mRNA translation, confirming our earlier assertion. Although the pool of histone mRNA that accumulates in the G2-phase cytoplasm could be translated in vitro, it was not translated in vivo. The S-phase observations provided a positive control, and the post-S-phase observations provided a negative control.
The most likely translational control mechanism would be storage in cytoplasmic histone messenger ribonucleoprotein particles. This hypothesis predicts the presence of specific RNA-binding proteins that recognize sites unique to the 
